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ABSTRACT
WILSON BOONE: Spleen RNA Concentration and Male Ornamentation in the Wild
Turkey
(Under the direction of Dr. Richard Buchholz)

The spleens of adult wild turkeys {Meleagris gallopavo) are their primary
immune defense organ and produce many ofthe antibodies used throughout the body.
During parasitic infection, more antibodies must be produced to protect the body from
foreign antigens. This may cause the overall mass ofthe spleen and/or the
concentration ofRNA in the spleen, which translates DNA into protein antibodies, to
increase. It has previously been shown that male turkeys infected with parasites have
less pronounced external head ornamentation(snood length, number of side caruncles)
than those left uninfected (Buchholz 1995). This difference in external characteristics
may also be associated with RNA concentration and spleen mass due to resource
partitioning. In this experiment, it was found that in male 10-month-old turkeys a
negative association exists between snood length and spleen RNA concentration (r^ =
0.574, N = 12, p = 0.0043). This fact strengthens the hypothesis that factors
determining the RNA concentration in the spleen also play a role in external
ornamentation. In this experiment, it was also found that infected 10-month-old males
have a much higher RNA concentration in the spleen than those left uninfected. This
difference may be due to infected males’ being forced to put more energy toward RNA
and antibody production than uninfected males, who can use this energy to enhance
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characteristics such as head ornamentation, a proven determining factor in female mate
choice.
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Introduction

There have been numerous studies conducted on the relationship between avian
ornamentation and evolutionary fitness(Buchholz 1995, Buchholz 1997, Moller and
Birkhead 1994). In the wild turkey, Meleagris gallopavo, female turkeys generally
choose mates that have the longest snoods, which is one ofseveral external ornaments
present on male turkeys(See Figure 1)(Buchholz 1995). Also, long snoods correlate
with better male condition and good health. These males may possess good genes that
could be passed on to the female turkey’s offspring upon mating. A study ofthe
relationship between brightly colored birds and immune defense by Moller and
Birkhead (1994)reveals comparable findings. Moller and Birkhead found that brightly
colored males ofsome species generally have smaller spleens, which are the primary
immune defense organ in birds, than less brightly colored males ofthose same species.
This association between plumage color and spleen size might imply that the brightly
colored males have a higher level offitness and are able to apply more energy toward
plumage and mate attraction than toward fighting disease. Thus, it is probable that a
relationship exist between avian male ornamentation in turkeys and the size and
productivity ofthe turkeys’ immune defense organs, particularly the spleen.
The avian spleen is known to have many functions, including assisting in the
supply ofoxygen to tissues and in fighting diseases. It contains two types of“pulp”
tissue (red pulp and white pulp)(John 1994, Fange and Silverin 1985).
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Figure i. Unfcathered head omannemaiion of mature
male wild turkey: a: skuilcap: b: rdaxcil snood; c;
dewlap; d: frontal caruncles; e; side caruncles.

(Buchholz 1995)
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The red pulp is composed primarily oferythrocytes(red blood ceUs)that carry
oxygen throughout the body(See Figure 2). It also contains some lymphocytes,
leukocytes, and macrophages. The white pulp is lymphoid tissue that lacks
erythrocytes. This tissue is composed mostly oflymphocytes(white blood cells)
contained within the periarteriolar lymphoid sheath(PALS)and the ovoid lymphoid
follicles. Within these two types of white pulp, particularly the follicles, the majority
ofthe bird’s disease-fighting lymphocytes and subsequent immune defense abilities are
housed.
The spleen primarily, and to a lesser extent the other l3miphatic organs of birds,
wards offdiseases by producing antibodies. Antibodies are proteins produced to
immobilize foreign antigens, including many bacteria and viruses that cause disease
(Alberts et al. 2002). Thus,the avian spleen is very important in maintaining resistance
to bacteria and viruses, particular in adult birds, for several reasons. When birds are
juveniles, they are also equipped with an immune organ called the bursa ofFabricus,
which also provides immune defense. However,over time the function and overall size
ofthis organ diminishes until it is nonexistent by adulthood(MoUer et al. 1998). Thus,
the spleen ofadult birds is needed to do the jobs that it and the organ ofFabricus do in
juveniles. Birds have few lymph areas outside ofthe spleen(4-6, as opposed to
approximately 450 in humans)to help in immune response(John 1994). This means
that the spleen is responsible for as much as 85% ofimmunological responsibilities of
the adult organism (John 1994). To meet these demands,the spleen must be able to
produce large amounts ofantibodies and antibody producing cells quickly to ward off
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Figure 2: Picture of Red Pulp and White Pulp areas ofthe Avian Spleen
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parasites and antigens. In doing so,the spleen may increase in size or the number of
lymphocytes and antibodies it is producing.
A common parasite that infects turkeys is coccidia. This parasite multiplies in
the intestine ofthe bird, affecting the bird’s absorption and digestion capabilities
(University of Minnesota 1998). Coccida are passed from the body in the fecal matter
as ocytes. Within two days, the ocytes can become infectious iftaken up by other birds
while feeding or drinking (University of Minnesota 1998). The ocytes is then moved
back to the digestive system, where it begins multiplying again, repeating the life cycle.
It was this parasite that was used to infect the male and female turkeys in the parasite
infection experiment described later.
Other variables exist that result in increased or decreased spleen size in birds.
In an experiment by Fange and Silverin(1985), spleen size in the pied flycather was
found to fluctuate v^th the season and general activity ofthe bird, with spleens being
much smaller during spring, migratory season than in the nest-building and
reproduction season. They propose that this decreasing spleen size can be attributed to
higher stress levels, less resources, and less energy available for immune defense m
migrating birds.
As with all other proteins produced by cells, antibodies are translated from a
messenger ribonucleic acid(mRNA)code with the help oftransfer RNA(tRNA)and
ribosomal RNA(rRNA). Messenger RNA,tRNA,and rRNA are all forms of
ribonucleic acid, which is a single-stranded nucleic acid composed of polymerized
nucleotides, each made ofa ribose sugar attached to phosphate group and a base. The
amount ofeach ofthese in particular tissue can fluctuate because of many factors. For
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example, it has been shown that directly after parasitic infection, there is a small
increase in the amount ofthe mRNA produced,followed by a large, more permanent
increase in the amount ofrRNA produced(Mach and Vassalli 1965). Thus, because
mRNA and rRNA are necessary intermediates for the production ofantibodies and all
other proteins, an increase in the amount ofthese nucleic acids produced may indicate
an increase in the amount of proteins produced. Because antibodies are proteins, more
RNA produced within the spleen may be related to more antibodies being produced to
fight off infection. The size ofthe spleen should also increase with infection and
should be correlated negatively to the overall health and appearance ofthe bird.
Thus,the size ofthe snood,the number ofside caruncles, the number oftotal
frontal caruncles, and the width ofthe skullcap, all of which are external ornaments or
characteristics of male turkeys, might correlate with the size ofthe spleen or the
amount ofRNA that the turkey is producing. According to Moller and Erritzoe (1998),
males who are in good health should have smaller spleens than those who are infected
with parasites. Perhaps this is because the ones in good health are not having to
produce more RNA and antibodies to fight diseases. I propose that a negative
correlation will exist between the concentration ofRNA produced in the spleens of
wild turkeys and the size and number ofthe turkeys’ external ornaments. These
ornaments include the length ofthe snood,the number ofside and total frontal
caruncles the turkeys possess, and the width ofthe skullcap. Furthermore, I propose
that a negative correlation will also exist between the mass ofthe spleen and these
aforementioned characteristics. That is, turkeys with long snoods, a large number of
side caruncles, and/or a wide skullcap, which are presumably in good health (Buchholz
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1995), should have relatively small spleens with lower concentrations ofRNA because
they are not having to fight offthe number ofantigens that those in poor health are. I
also propose that turkeys that have been infected with parasites should have larger
spleens and should produce more RNA than those that have been left uninfected. The
infected males may also have smaller snoods, fewer caruncles, or smaller skullcaps.
Again, the reasoning behind this hypothesis is that the turkeys are being forced to
partition more resources and energy toward immune defense and less toward
ornamentation that the uninfected males.

i!
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Methods

General Approach
This experiment was performed in order to quantify the concentration ofRNA
ofthe spleens oftwo groups ofturkeys: a) parasitized and control male and female 10month-old turkeys, and b) male 2.5-year-old turkeys. The RNA concentration ofeach
sample was found by subtracting a measurement ofthe concentration ofDNA only in
the sample from a measurement ofthe combined concentration ofDNA and RNA in
the sample. The DNA and RNA combined sample was isolated using the QIAamp
DNA Mini Kit Tissue Protocol, and the DNA only sample was found by breaking down
the RNA within the sample with a RNAase and then repeating the protocol. The
isolated nucleic acids were converted into measurable concentrations using a
spectrophotometer and a formula to be described later.

Study Animals
The wild turkey was chosen for this experiment because the males are
polygynous and will generally attempt to mate with any and/or all females present.
Also, because it was previously shown that external traits of male turkeys are
associated with infection status, the turkey appeared to be a good test subject for
determining the associations between immune defense and these aforementioned
variables. The turkeys were raised under similar conditions to those described by
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Buchholz(1995). They were housed at the University ofMississippi’s Field Station
from the time that they were purchased as chicks until euthanization.

Tissue Collection
In the first experiment, the parasite infection experiment,the spleens of 10month-old turkeys were removed within five minutes ofeuthanization, placed in sealed
plastic bags, quick-frozen on -20°C ice blocks, and transferred to a -80“C freezer. In
the second experiment,the male ornamentation experiment, spleen dissection of2.5year-old male turkeys occurred within several hours ofdeath, and the spleens were
preserved in 70% ethanol. The spleens were later measured and weighed before a
tissue sample was taken from them. Non-spleen tissue was trimmed off before
weighing and recording the mass ofeach spleen.
To analyze RNA content,I cut two samples from each spleen using a new,
sterilized razor. I cut out two 0.0lOg pieces oftissue from directly beneath the capsule
layer(See Figure 2)ofthe smooth,rounded side ofeach spleen at its midpoint. The
spleen samples were trimmed until they weighed 0.0lOg each. Spleen samples were
placed in individual microcentrifuge tubes containing 180wL of buffer ATL(Qiagen,
product number 19076, Valencia, California). Buffer ATL is used for lysis ofthe cells,
which exposes the nuclei and nucleic acids. This buffer and the other buffers and
solutions used in this experiment are part ofthe QIAamp DNA Mini KJt Tissue
Protocol, which I followed with very few deviations to isolated the nucleic acids.
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Nucleic Acid Isolation
The two san^les from each spleen were placed in separate microcentrifiige
tubes labeled with the turkey’s identification number and either A or B. This ensured
that I would have two samples from each spleen for testing the repeatability ofthe
technique. In the male ornamentation experiment,40i/L ofProteinase K(19133) were
added to begin degrading the peptide bonds ofthe proteins within the sample. The
microcentrifuge tubes were mixed by vortexing for fifteen seconds and placed in a
sealed beaker in a shaking water bath at 56“C for approximately eighteen hours. This
length oftime in the bath ensured that the proteins’ peptide bonds would conq)letely
hydrolyze. The microcentrifuge tubes were briefly centrifuged at SOOOrpm to remove
drops from the inside ofthe lid. I pipetted 200wL ofBuffer AL(19075)into each
sample, mixed each by pulse-vortexing for fifteen seconds, and placed them in a
stationary water bath at 70°C for ten minutes. The addition ofBuffer AL is done to
continue the lysis ofthe cell and its organelles. The 70°C heat disables the Proteinase
K, which has had ample time to degrade the proteins in the sample. After the tubes
were removed from this bath and briefly centrifuged, I added 200mL of95% ethanol to
each sample, pulse-vortexed the samples for fifteen seconds, and briefly centrifuged
them to remove drops from the inside ofthe lid.
I pipetted the entire contents ofeach microcentrifiige tube above the filter
membrane ofa QIAamp spin column, which was placed in a 2mL collection tube. The
spin columns were centrifuged for one minute at SOOOrpm. The spin columns were
moved to new 2mL collection tubes. The first collection tubes, which contained the
filtrate ofdegraded proteins and other parts ofthe cells were discarded. I added 500wL
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ofBuffer AWl (19081)to each spin column, centrifuged them at SOOOrpm for one
minute, and placed them into new 2mL collection tubes, again discarding the filtrate.
Buffer AWl,along with BuiBFer AW2,which was used next, was utilized to wash the
samples. The buffers bond to compounds and structures within the cell, other than
nucleic acids, and remove them from the spin column during centrifugation. After
500wL ofBuffer AW2 was added to each sample, they were centrifuged for three
minutes at 14,000rpm. The spin columns were placed m sterile l.SmL microcentrifuge
tubes, which were labeled with the appropriate number and letter ofthe sample, and the
2mL microcentrifuge tubes were discarded. I pipetted 200uL ofBuffer AE(19077)
into the samples and centrifuged them at SOOOrpm for one minute. Buffer AE has
properties similar to those of water. It associates with the nucleic acids so that they will
be able to pass through the membrane ofthe spin column and into l,5mL
microcentrifuge tubes unharmed.
These tubes now contained isolated nucleic acids, including both DNA and
RNA. Lastly, I pipetted lOOuL from each sample into individual, sterile 1.5mL
microcentrifuge tubes labeled accordingly. The total nucleic acid content ofthese
lOOwL samples were later used to isolate DNA alone. The samples that I was not using
or measuring immediately were frozen for later use.
The male ornamentation experiment protocol that I used was almost the same as
the aforementioned protocol, with the only difference being that 20wL ofProteinase K
were used instead of40wL. These protocols can be easily seen in Table 1.
The IOOmL remaining in the microcentrifuge tubes were further processed for
RNA elimination. To isolate the DNA from these samples,I repeated a section ofthe
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Table 1: Protocol for the Extraction and Isolation ofDNA and RNA
Parasite Infection Experiment(Exp. 1)
(10-Month-Old Males and Females
Tested)
1. Place spleen in zip lock bags in -80°C
freezer.

Male Ornamentation Experiment(Exp. 2)
(2.5-Year-Old Males Tested)

Same as Exp. 2

2. Cut two O.OlOg samples from spleen and
place in 1.5mL microcentrifuge tubes
containing 180^/L ofBuffer ATL.
3. Add 20wL ofProteinase K.

3. Add 40wL ofProteinase K.

1. Place spleen in 70% ethanol.

Same as Exp. 2

4. Vortex and heat at 56°C in shaking water
bath for 18 hours.

Same as Exp. 2

5. Add 200mL of Buffer AL, pulse-vortex,
and heat at TOC for 10 minutes.

Same as Exp. 2

6. Add 200mL of95% ethanol, pulse-vortex,
and briefly centrifuge.
7. Place contents in spin column and
centrifuge at 8000rpm for 1 minute.
8. Place spin column in new tube, add 500wL
ofBufferAW 1, and centrifuge at 8000rpm
for 1 minute.

Same as Exp. 2
Same as Exp. 2

Same as Exp. 2

9. Place spin column in new tube, add 500wL
of Buffer AW2,and centrifuge at 14,000rpm
for 3 minutes.

Same as Exp. 2

10. Place spin column in new tube, add
200wL ofBuffer AE, and centrifuge at
8000rpm for 1 minute.
11. Discard spin column and transfer lOOwL
of filtrate into a new microcentrifuge tube.

Same as Exp. 2
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protocol and added a step to break down the RNA. This was done by adding 20mL of
RNase A to each tube. This step degraded the sugar-phosphate backbone ofthe RNA
molecules, breaking them up so that they would pass through the spin column’s
membrane as filtrate and be removed from the sample, leaving just the DNA in the
tube. I followed the same protocol described above after adding the RNase A,
beginning with the step where 200wL ofBuffer AL were added to the sample, pulsevortexed for fifteen seconds, and placed in a stationary water bath set at 70 C for ten
minutes. The rest ofthe protocol was repeated to ensure that the RNA,RNAase
proteins, and any other nonDNA compounds would be removed from the sanq)le.
After the rest ofthe protocol was carried out,I again pipetted lOOuL ofeach sample
into new 1.5mL microcentrifuge tubes. These tubes now contained purified DNA that
could later be tested or examined to determine if any particular portion, strand, gene,

or

genes in the DNA might relate to parasite resistance or infection.

Quantification
The absorbance ofnarrow wavelengths of light can be used to quantify some
molecules in solution. The absorbance equals the negative long ofthe intensity ofthe
sample, which is a measurement ofthe number of photons that pass through the sample,
divided by the intensity ofthe blank. Nucleic acids have absorbance maxima at 260nm,
and proteins have absorbance maxima at 280nm(Qiagen 1999). Nucleotide isolate
may contain residual proteins that absorb light at 260nm. Thus, the nucleotide purity is
obtained with a ratio of260nm to 280nm absorbances. A ratio of 1.7-1.9 demonstrates
that the sample contains almost pure nucleic acid. Ifthe ratio ofthe sample falls far
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from the range, the sample probably has been contaminated by proteins and the
absorbance at 260nm alone is not an accurate quantitative measure of nucleotide
concentration (Qiagen 1999).
To hold the sample, I used a quartz spectrophotometer cuvette that would not
absorb ultraviolet light. Before each sample,I would “blank” the spectrophotometer by
pipetting autoclaved, sterilized water into the cuvette. This would ensure that the
spectrophotometer was reset to a setting where pure, sterile water would register zero
absorbance by the spectrophotometer. Thus, each sample’s absorbance was reading
compared to that of pure water. A measurement of60i/L ofthe sample was added to
the empty cuvette. The measurement for absorbance ofnucleic acids is most accurate
ifthe absorbance at the 260nm wavelength fells between 0.5 and 1.0(Qiagen 1999).
Thus, if my initial reading was above the 1.0 absorbance range, I removed the sample
from the cuvette, diluted it by 50% by adding 60wL ofautoclaved, sterilized water, and
remeasured its 260nm and 280nm absorbances. I continued diluting the sample until an
absorbance between 0.5 and 1.0 was obtained. I recorded the dilution and absorbance
measurements, discarded the sample, and washed the cell thoroughly with sterile water.
I collected absorbance measurements for all ofthe DNA and RNA combined samples
and the DNA only samples from both experiments in this fashion.
After I had obtained measurements for all ofthe samples, I used Microsoft
Excel to determine the concentrations ofDNA and RNA,DNA only, and RNA only.
The absorbance of nucleic acids at 260nm can be used to calculate the concentration of
nucleic acids in the sample because according to Beer’s Law,the absorbance is
proportional to the concentration ofa substance. The higher the percent ofthe light
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absorbed, the higher the concentration of nucleic acids within the san^le. The formula
labeled Formula 1 is used in this experiment to convert absorbance at the 260nm
wavelength to nucleic acid concentration (Table 2)(Parakam 1999). This formula is
widely accepted and is generally used to determine nucleic acid concentration. After
finding the concentration ofDNA and RNA combined and DNA only,I subtracted the
DNA only concentration firom the DNA and RNA combined concentration(Formula 2,
Table 2). The difference in these numbers is the RNA concentration ofthe sample,
which is the measurement that I used to determine if an association exists between
RNA production, pathogen resistance, and male ornamentation in wild turkeys.
Because some ofthe small nucleic acids probably washed through and discarded, this
measurement ofRNA concentration is most likely a relative measurement.
Measurements ofseveral external features and ornaments were previously taken
and recorded for each bird used in the two experiments by Dr. Richard Buchholz,
Assistant Professor of Biology at the University of Mississippi. These features
included snood length, number ofside caruncles, number oftotal frontal caruncles,
skullcap width, and body mass in male turkeys and body mass in females. The
measurements of male features were recorded and used later in both experiments. The
masses ofthe birds and were used in a comparison of body size and spleen size in
males and females. They were also used to determine if an association exists between
spleen mass and body mass and/or if one exists between RNA concentration in the
spleen and body mass.
The statistical analysis was performed using Microsoft Excel and Statview, after
first checking the data for a normal distribution. The effects of body mass on the
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Table 2: Formulas used for obtaining RNA concentration
Formula 1:
(260nm wavelength absorbance) X 507/g/mL =(Concentration of
Nucleic Acid in 7/g/mL)
Formula 2:
(DNA and RNA combined concentration (z/g/mL))(DNA only concentration (7/g/mL))=(RNA concentration (z/g/mL))

I
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variables was removed when appropriate by using the residuals from a regression with
body mass on the independent variable. Simple regressions on Statview were
performed to determine associations between dependent and independent variables.
Mann-Whitney Tests were run to test for differences between groups.
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Results

Infection Experiment
Females (lO-Month-Old, First Year)
Neither spleen mass nor the concentration ofRNA in spleens was found to be a
function of body mass in first year female turkeys. The mean spleen mass in infected
females(1.93g ± 0.193, N = 13) was slightly higher than in those left uninfected (1.72g
± 0.496, N = 14), but the mean RNA concentration in those infected 44.77Iwg/mL ±
10.730, N = 13) was slightly lower than in the controls(48.821 wg/mL ± 7.787, N = 14).
RNA concentration was not associated with the mass ofthe spleen in females (r^ =
0.026, N = 27, p = 0.2033). The females’ and males’ average of A and B RNA
concentration was used in subsequent tests dealing with RNA concentration. The
coefficient of variation in these numbers was also high (t-stat = 0.76, N = 34, p = 0.23).

Males (lO-Moth-Old, First Year)
It was observed that spleen mass is positively associated with body mass (r^ =
0,322, N = 13, p = 0.0252)in first year males(See Figure 3). Snood length, number of
side caruncles, and number oftotal fi-ontal caruncles were all found not to be associated
with body mass(See Table 3). Also, none ofthe aforementioned were found to be
associated with residual spleen mass(See Table 4).

■1
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Figure 3: There is a positive association between spleen
mass and body mass in male 10-month-old turkeys.
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Table 3: Association between male ornaments and body mass in 10-month-old turkeys
P
N
16
0.044
0.2152
Snood length (cm)
0.167
15
0.1301
Number of side caruncles
16
Number of total frontal caruncles
<0.000
0.4649

Table 4; Association between male ornaments and residual spleen mass in 10-monthold turkeys.
r2
N
P
13
0.007
0.7839
Snood length (cm)
12
Number of side caruncles
0.004
0.8425
13
<0.000
0.5789
Number of total frontal caruncles

1
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Using the same measurements that Buchholz(1995) used, it was found that
significant differences exist between control and infected males in body mass(p =
0.0197), snood length(p = 0.0108), and number ofside caruncles(p = 0.0510), and the
difference approaches significance in skullcap width(p = 0.0827). This means that
infected first year males generally are smaller, they generally have a much shorter
snood, and they have more side caruncles than those not infected(See Table 5 and
Figures 4,5,6,7, and 8). Spleen size was foimd to be correlated with infection status.
In these males, RNA concentration in spleens was not found to be a function of
body mass (i^ = 0.166, N = 12, p = 0.1884): however, looking at Figure 9, it appears
that the two are somewhat related, with RNA concentration decreasing as the mass of
the turkey increases. Snood length appears to be strongly dependent upon RNA
concentration (r^ = 0.574, N = 12, p = 0.0043, as does the number oftotal frontal
caruncles that the male possesses (r^ = 0.494, N = 12, p = 0.0108). Thus, the lower the
concentration of RNA in the spleen ofthe turkey, the more total frontal caruncles he
has(See Figure 10). Also, turkeys v^th lower concentrations ofRNA in their spleens
have larger snoods than turkeys with large RNA concentrations(See Figure 11). It was
also found that infected adult male turkeys did have a higher mean RNA concentration
than uninfected males(51.353wg/mL ± 8.569, N = 8, 28.563wg/mL ± 8.069, N = 4
respectively), but the results were not significant(p =0,1264, U = 7). Also, the
concentration ofRNA in the spleens frozen(87.27wg/mL, N = 34) was found to be
almost twice as high as that ofthe spleens preserved in ethanol(46.81«g/mL, N = 42).
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Table 5: Mean characteristics due to infection status in 10-month-old males
Infected
Not Infected
U-value
6.14±0.16
7.14 ±0.28
8.5
Body mass(kg)
6.5
5.05 ±0.37 6.75 ±0.40
Snood length(cm)
27.78 ±3.96 16.67 ±2.78
Number of side caruncles
10.5
2.97 ±0.19
3.50±0.18
14.0
Skullcap vvidth(cm)
7.0
51.35 ±8.59 28.57 ±8.07
RNA concentration (ug/mL)

Figure 4: Infected 10-month-old males have a smaller mean
body mass than control males have.
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Figure 6: Infected 10-month-old male turkeys have a lower
mean snood length than control turkeys have.
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Figure 7: Infected 10-month-old male turkeys have more
side caruncles than control turkeys have.
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Figure g : Infected 10-month-old male turkeys have a
smaller mean skullcap width than control turkeys have.
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Figure 9: There is a negative association between RNA
concentration and bod\' mass in 10-inonth-old males.
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Figure 10; Tlicrc is a negative association between the
number of total frontal canmcles and RNA
95 epneentratiqn in \lie spleens of 10-montli-ol(jl turkeys.
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Figure 11: Tliere is a negative association between snood
length and the concentration ofRNA in the spleens of 10montli-old males.
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Male Ornamentation Experiment
2.5-Year-Old Males
There were 32 3.5-year-old males tested in the male ornamentation experiment.
In these males a direct positive correlation was found between the mass ofthe spleen
and the mass ofthe body (r^ = 0.237, N = 32, p = 0.0028). Thus, larger individuals
tended to have larger spleens(See Figure 12). Because it was found that spleen mass is
a function of body mass in 2.5-year-old males, the residuals ofa simple regression
between these variables was used to test the association ofspleen mass with other
factors. Snood length, skullcap width, and the number ofside caruncles were all found
to not be functions of body mass. Furthermore, none ofthese ornament variables were
found to be a function ofthe residual spleen mass(See Table 6).
The concentration of RNA in the spleen of2.5-year-old males was found by
taking the average ofsamples A and B for all subjects tested. The replicate
measurements were similar to one another (t = 0.35, N = 42, p = 0.36). Average
concentration of RNA was also found to a function of body mass. That is, the
concentration of RNA in the spleens decreased as body mass increased on average (r^ =
0.135, N = 32, p = 0.0221)(See Figure 13). As with spleen mass,there was no
association between snood length, skullcap width, or the number ofside caruncles and
the residual concentration ofRNA in the spleens of 10-month-old males(See Table 6).
Also, no association exists between the concentration ofRNA and the mass ofthe
spleen (r^ = <0.000, N = 32, p = 0.9185).

j
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Figiircl2 There is a positive association between
spleen mass and body mass in 2.5-year-old males.
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Table6

and p-values in 2.5-year-old male turkeys

Body Mass
Residual
Spleen Mass
Residual RNA
Concentration

# of Side Camncles
Skull Cap Width
r2 = 0.034, N =44, p r2 = 0.002, N = 45,
= 0.1218
p = 0.3001
r^ = <0.00,N = 31,
r2 = <0.00,N = 32,
p = 0.7158
p = 0.7560
r2 = <0.00,N = 31
r^ = 0.054, N = 32,
p = 0.9563
p = 0.1004

Snood Length
r^ = <0.00, N = 42,
p = 04803
r^ = <0.00, N = 31,
p = 0 7784
r^ = <0.017, N = 31,
p = 0.2266

Figure13 Tliere is a negative association between RNA
concentration and body mass in 2.5-vear-old males.
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Discussion

Association between male ornamentation and parasite burden
Buchholz(1995) showed that several external male ornamental characteristics
in wild turkeys, especially snood length, are associated with parasite burden(See
Figure 6). According to his findings, the parasite burden decreases as the length ofthe
snood on turkeys increases. This means that turkeys that are in good health will have
long snoods and those that are fighting off parasites will have shorter snoods. Snood
length in males has also been proven to be a major determining factor in mate selection
by females(Buchholz 1995). Males with longer snoods are much more likely to be
chosen by females than those with shorter snoods. Thus, it is assumable that snood
length, which is an external characteristic visible to females, is a way in which the
female can access the overall health ofthe male and the probable health ofher progeny
ifshe chooses to mate with him. This assumption stems from the evolutionary theory
that males that are in good health may possess certain genes that allow them fight off
disease better than males that are not in good health(Freeman and Herron 2001).
These genes would be passed on the female’s offspring ifshe chooses him, possibly
increasing the offspring’s survival rate and her fitness.
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Association between male ornamentation and RNA concentration
The results of this study show that in first year male turkeys, snood length is
significantly negatively associated with the concentration ofRNA in their spleens.
That is, the longer the snood, the lower the concentration ofRNA in the spleen and vice
versa(See Figure 11). This means that it is highly probable that fectors that control the
concentration of RNA in the primary immune defense organ in birds, the spleen, also
play a role in the expression ofexternal male characteristics, like snood length. A
higher RNA concentration may mean that more proteins, especially antibodies, are
being produced, as was the case in a study conducted by Briones et al.(1996)on
parasites. Due to energy and resource partitioning in animals, it is reasonable to
assume that if a turkey is producing more RNA and proteins in order to fight off
disease, it will have fewer resources available to produce the structures needed to
extend its snood or add to the number ofcaruncles it possesses. While the results were
not quite significant on the Mann-Whitney Test for RNA concentration and infectious
status(p = 0.1264), the means indicate a difference in RNA concentration between
infected and control male turkeys(See Figure 5). This observation supports the
aforementioned statements that RNA concentration in spleens is associated with
infection status and with snood length in male first year turkeys.
Similar to the relationship between snood length and RNA concentration is the
association between the number oftotal fi-ontal caruncles and RNA concentration

As

with snood length, the two were found to be strongly negatively associated, with the
number of frontal caruncles decreasing as the RNA concentration

increased (See Figur
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10). Again, it is believed that this relationship is due to resource partitioning in male
turkeys. Interestingly, there was no significant difference in the number oftotal frontal
caruncles between infected and control birds. This may mean that some ftmetions of
health, perhaps not dependent upon the coccidian theses turkeys were infected with, is
the cause of the higher RNA concentrations, leading to fewer frontal caruncles.
Similarly, the number of side caruncles and skullcap width were found to be
significantly different between infected and control turkeys; however, neither ofthese
differences was associated with RNA concentration(See Figures 7 and 8). Perhaps
these differences were more subtle and harder to visualize with this sampling size, or
these variables may be dependent upon some other fectors than those determining RNA
concentration.

Association between spleen mass and body mass
There was a significant association found between the mass ofthe spleen and
the overall body mass in first year and 2.5 year-old turkeys(See Figures 3 and 12).
This means that spleen mass is a function of body mass. This finding is what is
expected, because it seems only natural that larger individuals would possess larger
organs, including the spleen. However, it is interesting that spleen mass was found to
be a function of body mass in both sets of males, but not in females(r^ <0.000, N =
27, p = 0.3262).
Another interesting item is that in both first year and 2.5-year-old males no
correlation was found between residual spleen size and infection status. In feet,
residual spleen size was not found to be associated with any ofthe variables tested.
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This goes against findings of Moller et al.(1998), who found that brightly adorned
male birds have smaller spleen sizes and are therefore assumedly in better health. This
disparity in results can perhaps be explained by the fact that the mean body mass in first
year males who are uninfected is 14% higher than that ofinfected males. Thus, a larger
body mass in healthier birds may be hiding the effects ofspleen mass on
ornamentation. That being said, comparisons ofactual spleen mass to different
ornaments still revealed no significant associations.

Association between RNA concentration and body mass
RN A concentration in the spleens was found to be a fimetion of body mass in
the 2.5 year-old males(See Figure 13). With the exception ofoutlier, a similar
relationship was also found in first year males(See Figure 9). Unlike spleen mass,
which rose with body mass, RNA concentration was found to be negatively associated
and decreased as body mass increased. There are several possible reasons for this
negative relationship. First, because RNA concentration was found to be negatively
associated with snood length and the number oftotal frontal caruncles, it is reasonable
to assume that larger, healthier turkeys will have lower RNA concentrations. This was
found to be true in the 2.5-year-old males, which is logical because the spleen RNA
concentration to body size relationship has had more time to become evident than in the
10-month-old birds, generally have slower metabolisms than smaller birds. Thus,a
larger male that already probably has a larger spleen with more room for erythrocytes
and lymphocytes may not need as high a concentration of proteins translated by RNA
as a smaller male does. Again it is interesting to note that as with spleen mass, RNA
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concentration in the spleen was found to be a function of body mass in the males, but
not in the females.
The disparity between males and females on associations between spleen mass
and RNA concentration body mass might best be explained by Moller et al.(1998),
who gave several theories for why male bodies are more prone to parasite infection and
its effects. They suggest that androgens in males might be suppressing their immune
response. If this is true, it is reasonable to assume that the spleens of males have to
work harder than the spleens of females to produce comparable results in controlling
their parasite burden. Thus, the overall size ofthe spleen and/or the concentration of
RNA in the spleen might be much more strongly related to both body mass and parasite
burden.

Sources oferror
The fact that the concentration ofRNA in the spleens preserved in ethanol was
approximately half as large as the concentration found in the spleens that were frozen
demonstrates that in the male ornamentation experiment, in which the spleens were
preserved in ethanol, much ofthe RNA was degraded befi)re testing was done
(46.8lMg/mL, N= 42 and 87.27Mg/mL, N= 34 respectively). This means that the results
obtained for the 2.5-year-old males’ RNA concentrations were most likely not as
accurate as they might have been had the samples been frozen. This break down of
RNA is most likely caused by the natural RNAases produced and located within the
spleen. Many of the less stable types ofRNA molecules degrade quickly within the
cell(Mach and Vassal! 1965). To keep this from occurring to such an extent,the
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sample should be frozen. The large variance between the same spleen’s A and B
samples demonstrates that the protocol followed and/or spectrophotometer readings
might have contained some flaws. However,the many associations found between
RNA concentration within the spleen and other variables denwnstrate that even with
this variance, relationships between the variables exist.

Conclusion
The negative association found between RNA concentration in the spleen and
snood length in male turkeys demonstrates that resource partitioning is occurring. The
difference in RNA concentrations between infected and control males further illustrates
this point and shows that once males are infected with coccidia, their immune response
causes a relatively dramatic increase in RNA concentration in the spleen, which is
assumedly related to protein and antibody production. Similar studies on RNA
concentration increase due to infection have produced similar results, showing that
RNA concentration in the spleen is a function of parasite burden(Mach and Vassali
1965 and Briones et al. 1996). The work published Buchholz(1995)on the
significance of external male ornaments, especially the snood,on female mate selection
corresponds with the aforementioned theory ofresource partitioning. Males that have
longer snoods are in better health, they are not having to produce as many antibodies in
their spleens to fight off parasites, and they are more readily chosen by females as
mates. Further work in this subject similar to that conducted by Hull and Harvey
(1998)on mRNA or Briones et al.(1996)on rRNA needs to be done to determine the

1
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specific RNA molecules that are becoming more prolific with parasite infection and the
relationship of the these molecules to the factors determining external ornamentation.

Wilson Boone 34

Literature Cited
Alberts, B., A. Johnson, J Lewis, M. Raff, K. Roberts, andP. Walter. 2002.
Molecular Biology of the Cell, 4*^ edn. New York: Garland Science.
Briones, M. R. S., M. Tsuji, and V. Nussenzweig. 1996. The large difference in
infectivity for mice of Plasmodium berghei and Plasmodium youlii sporozytes
cannot be correlated with their ability to enter into hepatocytes. - Molecular
Biochemistry Parasitology 77(1): 7-17.
Buchholz, R. 1995. Female choice, parasite load and male ornamentation in wild
turkeys. - Animal Behavior 50: 929-943.
Coccidiosis Control is a balancing act. 1998. University of Minnesota.
htt p://www.avian,umn.edu
Fange, R. and B. Silverin. 1985. Variation oflymphoid activity in the spleen ofa
migratory bird, the Pied Flycatcher {Ficedula hypoeuca, Aves,Passeriformes).
— Journal of Morphology 184: 33-40.
Freeman, S. and J. C. Herron. 2001. Evolutionary Analysis, 2"** edn. Upper Saddle
River, New Jersy: Prentice-Hall Inc.
Hull, K. L. and S. Harvey. 1998. Autoregulation of central and peripheral growth
hormone receptor mRNA in domestic fowl. - Journal ofEndocrinology 156:
323-329.
John, J. 1994. The avian spleen: a neglected organ. - Quarterly Review ofBiology
69(3); 327-351.
Mach, B. and P. Vassalli. 1965. Biosynthesis ofRNA in Antibody-Producing Tissues.
— Proceedings ofthe National Academy of Sciences ofthe United States of
America 54(3): 976-982.
Moller, A. P., G. Sorci and J. Erritzoe. 1996. Parasite virulence and host immune
defense: host immune response is related to nest reuse in birds.- Evolution 50:
2066-2072.
Moller, A. P., G. Sorci and J. Erritzoe. 1998. Sexual dimorphism in immune defense. The American Naturalist 152: 605-619.

Wilson Boone 35
Moller, A. P. and T R. Birkhead. 1994. The evolution ofplumage brightness in bids is
related to extra-pair paternity. - Evolution 48: 1089-1100.
Parakam, J. 1999 Measuring DNA concentration. Http://www.msu.ac.th/biodepl/NIcasure-DN AJiUlL
Sutcliffe, W. H. Jr 1965. Growth estimates from ribonucleic acid content in some small
organisms - Limnology and Oceanography 75: 253-258.
Qiagen. 1999. QIAamp DNA mini kit and QIAamp DNA blood mini Idt handbook.
Valencia, California.

